IN a recent electron microscope survey, particles about 70 m/u in diameter were found in association with the vacuoles which are very common in Rous ascites tumour cells (Epstein, 1955b); the particles were only present in a small proportion of the cells, the actual incidence of cells containing them varying widely in the tumour cell populations of different examples of Rous ascites tumours.
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Further investigations were undertaken in which differences in the incidence of cells with particles in various Rous ascites tumours were studied in parallel with the biological activity of the virus contained in these tumours (Epstein, 1956) . The correlation between the results of the morphological and the biological experiments was statistically highly significant and, when taken in conjunction with the size, appearance and osmiophilia of the particles made it possible to identify the latter as the Rous virus.
For the morphological survey it was necessary that all the cells in the samples of ascitic fluids should be examined, as well as the whole of each cell; the cells were therefore prepared for electron microscopy by a technique in which they were induced to spread widely on a flat surface, becoming in the process extremely thin (Epstein, 1955a) . This technique, though essential for the work referred to above, was not suitable for obtaining information regarding the fine structure of the Rous virus or its relation to the constituents of the cells in which it occured. Although, from the examination of whole mounts of cells it was clear, for instance, that the virus particles were always grouped together in association with vacuoles, it was not possible to determine the nature of this association from such preparations; the virus could have been in the vacuoles, attached to their limiting membranes, or outside the vacuoles.
An electron microscope study of thin sections of Rous ascites tumour cells has therefore been undertaken in order to investigate the fine structure of-the Rous virus itself and shed light on the details of its intra-cellular site. The present communication reports the results which have been obtained.
MATERIALS AND METHODS
Tumour.-The Rockefeller Institute strain of the Rous No. 1 fowl sarcoma which was used has been described elsewhere (Epstein, 1956 ). An ascites form of the tumour was maintained by serial passage of the fluid employing the methods developed for the earlier work (Epstein, 1955a) .
Animals.-Pedigreed susceptible Brown Leghorn fowl from the Poultry Research Centre, Edinburgh, were used for the tumour passages; they were between 7 and 81 weeks old when inoculated, depending on the exigencies of supply.
Preparation of cells for electron microscopy.-A bird with recognizable abdominal swelling following intra-peritoneal inoculation of ascitic fluid 9 to 11 days previously, was killed by cervical dislocation and, while its heart continued to beat, some of its ascitic fluid was drawn off into a glass tuberculin syringe. About 0-7 ml. of this fluid was then run into a tube containing 375 I.U. hyaluronidase (" Hyalase" of Benger Laboratories Limited, Holmes Chapel, Cheshire) in 0-25 ml. of diluent which consisted of 30 per cent fowl serum in Earle's balanced saline; both the syringe and the tube of hyaluronidase were warmed to 37°C. before use.
The ascitic fluid and hyaluronidase were left together for about 40 seconds and the mixture was then drawn up into the syringe ready for immediate fixation. This, like the dehydration, embedding, microtomy and electron microscopy which followed it, was done by the methods already described for mouse Sarcoma 37 ascitic fluids (Epstein, 1957) . OBSERVATIONS Cells were examined from three different Rous ascites tumours; the material from two of the tumours was found to contain virus whilst none was observed in that from the third.
The virus particles were studied in 39 different cells as well as in 5 groups which were extra-cellular.
Intra-cellular site of the virus
Almost all of the ascites tumour cells contained numerous profiles of round or oval vacuolar spaces in the cytoplasm which measured from about~to 3 or 4 /t in diameter and which were bounded by a well marked limiting membrane.
Whenever virus particles were present in the celJs they were found within one or more of these vacuoles, usually lying in a layer against the limiting membrane ( Fig. 1 ) in a few cases a clump of particles was observed projecting into the cavity of a vacuole. Sometimes only one particle was present in a sectioned vacuole; in serial sections, however, the layer of virus particles was found to extend at least for some way over the surface of the interior of the vacuoles ( Fig.  2 and 3 ). Virus particles were never seen lying free in the cytoplasm.
The vacuoles were usually empty, debris being but rarely present; when virus particles were found in the vacuoles their structure was always well preserved and no degenerating forms were observed.
Fine structure of the virus
The Rous virus particles were either round or oval ( Fig. 1 , 2, 3 and 4); where oval particles were found, their long axes were always parallel to each other ( Fig.  1 ) and at right angles to the direction of cutting. The larger round profiles of the virus had a diameter of between about 70 and 75 m,t and a similar figure was obtained from the larger oval virus profiles by averaging the lofigest and shortest measurements across each.
The virus was surrounded by a pair of fine limiting membranes about 3 m/t apart (Fig. 2, 3 and 4, arrows) within which lay a viroplasm of moderate electrondensity about 9 m/t across. In the thinnest sections it could be seen that the viroplasm was limited, towards the centre of the particle, by a further fine mem-brane ( Fig. 1, particle m; Fig. 4 , particles b and c); the membrane shows well as an inner ring in Fig. 2 , particle f, where the virus has been cut by the section about half-way between its edge and its centre, in a plane similar to that represented by the line C-D in Fig. 5 . Enclosed within this membrane there was a central area containing a nucleoid of great electron-density (Fig. 1, 2, 3 and 4) ; the nucleoid was either in the centre of the virus particle (Fig. 1, 2 and 3 ) or slightly to one side of the centre (Fig. 4) . The structure of the virus particle is shown diagramatically in Fig. 5 . DISCUSSION The ascitic fluids were treated with hyaluronidase before fixation in order to break down the hyaluronic acid which they contained, since it had been found that fixation without this treatment caused them to coagulate. The coagulum trapped the cells and was unsatisfactory for dehydrating and embedding; even the brief period of 40 seconds of enzyme activity was enough to prevent the formation of a coagulum.
The identification as vacuoles of the profuse cytoplasmic spaces found in a high proportion of the sectioned Rous ascites cells is considered justified in the light of observations made previously on whole thinly spread cells of this type (Epstein, 1956) , both living and osmium fixed. Gaylord (1955) has reported the presence of similar spaces in sectioned Rous cells in solid tumours, though from observations on sectioned material alone he was unable to decide whether these were vacuoles or invaginations of the cell wall.
The nature of the vacuoles is not known; they do not resemble the phagocytic vacuoles which are normally found in cells of the macrophage type (Palade, 1956; Epstein, 1957) , nor those present in such cells after they have been given foreign particulate matter to take up (Odor, 1956; Felix and Dalton, 1956 ). The absence, as a rule, of debris in the vacuoles and similarly the absence in them of degenerating virus particles also argue against a digestive role.
Both in the present work and in the previous study of whole mounts of Rous ascites cells (Epstein, 1956 ) vacuoles were found in almost all cells irrespective of whether virus was present or not. Samples of ascitic fluids in which no cells with virus were found had as many vacuolated cells as those with much virus and in these latter fluids no difference could be observed between the few cells with the virus and the many cells without. The constant finding, reported here, that intra-cellular virus was intra-vacuolar confirms and clarifies the association of the virus with vacuoles already noted in the earlier work (Epstein, 1955b and 1956) and whatever the vacuoles ultimately prove to be, they must certainly be regarded as having a close connection with the diseased state of Rous cells.
The fact that where oval virus particles have been observed in a group, their long axes have all been parallel ( Fig. 1) and at right angles to the direction of sectioning, has been interpreted as being due to knife compression. The oval shape is considered to be a microtomy artefact and allowance has therefore been made in measuring the size of the virus; measurements were only made on the larger virus profiles on the assumption that smaller profiles represented virus particles which had not been sectioned centrally. This situation is illustrated in Fig. 1 (Fig. 4) , although this might simply be an artefact, it could also be the true arrangement within the virus. If the nucleoids were in fact all eccentric, differences in the orientation of virus particles with regard to the direction of sectioning would account for some nucleoids appearing to have a central location and some not; for, if a virus particle which had been sectioned so as to show its eccentric nucleoid as represented in Fig. 5 , had instead been cut in the plane indicated by the line A-B (Fig. 5) , the profile of its nucleoid would then have appeared to be central. An eccentrically sited nucleoid has been elegantly illustrated recently in the case of vaccinia virus (Morgan, Ellison, Rose and Moore, 1954 and .
Gaylord (1955) , in an electron microscope investigation of thin sections of solid Rous tumours, has reported finding virus-like particles; he described the structure of the particles as consisting of a central mass surrounded by a membrane but could discern no further detail. These particles were, for what such a difference is worth, about 10 to 15 m/t less in diameter than the Rous virus studied here; also, they were extra-cellular, apart from rare groups which were possibly intra-cellular. The particles could well have been the Rous virus but the absence of any biological investigation in parallel with the morphological work makes it impossible to know*. If they were indeed the Rous virus the fact that they were almost all extra-cellular is not surprising when it is considered that they were seen in material from solid tumours in which the inter-cellular space is the only site for virus to collect in on liberation from the cells. In the Rous ascites tumour, on the other hand, extra-cellular virus was rare, probably because it was able to pass from the cells directly into the ascitic fluid in which it is known to accumulate (Epstein, 1951) .
The need for biological control in conjunction with morphological investigations is further emphasized by some work in the course of which cultures of fowl fibroblasts were examined in the electron microscope after thin sectioning (Rouiller, Haguenau, Golde and Lacour, 1956 ). Both in normal control cultures and in those exposed to cell-free extracts of Murray-Begg endotheliomata, extra-cellular virus-like particles of 110 m/t diameter were observed; however, no biological investigation of the activity of the tumour extracts or of the tissuecultures containing the particles is recorded. This finding is reminiscent of some earlier reports of virus-like particles in whole mounts of normal chick embryo tissue culture cells (Gey and Bang, 1951; Bang, 1952; Gey, Bang and Gey, 1954) and serves to underline the impossibility of identifying or distinguishing viruses solely on the basis of their appearance.
In bacteriological work an organism is distinguished from another with which it is identical in appearance even when stained, by finding out what it will do.
A similar approach is clearly necessary with viruses, for there is constantly increas-* Since the present communication was sent for publication a further report has appeared concerning the fine structure of particles which are probably the Rous virus-Bernhard, W., Oberling, C. and Vigier, P. (1956) (Rustigian, Johnston and Reihart, 1955) and with the increasing use of this normnal tissue in culture for polio vaccine production, many new agents have recently been added to the list (Hull, Minner and Smith, 1956 ). Furthermore, the fact that the so-called "orphan" viruses can be isolated froln normal human stools (Melnick, 1954; Ramos-Alvarez and Sabin, 1954) Fig. 2 which has passed almost tangentially to their surfaces; they cannot be seen in the next section shown in Fig. 3 . Similarly, the virus particles marked j and k lie mostly above the section in Fig. 3 and are not present in Fig. 2 . Portions of all the other particles are visible in both sections and two of these show the double outer limiting membrane (arrows). Particle f in Fig. 2 has been sectioned about half-way between its centre and its edge in the plane represented by the line C-D in Fig. 5 centrally by a further membrane and an inner zone containing a very electron-dense nucleoid which was probably eccentric.
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